





Studies on the Foam Dyeing (Part 1) 
-With Special Reference to the Prototype of the Foam Dyeing Machineー
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Fig. 2 The prototype of the Foam Dyeing Machine I 
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Table 1 Component parts of Foam Dyeing Machine 1 
N0. designation 
1 system stand 





PYREX GLASS volume 150ml 
- 87一
3 air pump 
4 air flow meter 
IWAKI， AP-115RN， diaphragm type 
TOKYO FLOW METER. TEF00318 
Max.lI l/min 
5 air healing tube 
6 air blowing tube 
7 tube for lhermocouple 
8 liquid returning tube 
9 oil bath 
10 dyeing sink 
1 dyeing sink (upper part) 
12 dyeing sink adapter 
13 center tube 
14 framo for fixing substrate 
15 foam transporting lube 
16 water bath 
17 water pomp 
18 foam breaking tube 
19 foam breaking heat巴r
20 volt slider 
21 reserving flask 
22 reflex condenser 
23 recording thermometer 
PYREX GLASS ゆ6xL1000，ゆ150spiral
KINOSHI1、A.501 G1. with 
PYREX GLASS 
grond-glass joint (TS 15/25) 
PYREX GLASS wilh ground joint (TS 15/25) 
PYREX GLASS with ground joinl (TS 15/25) 
TOYO， OC-24S 










N ickel-Chrome 100V -1000W 
Y AMAB1SHI， N-130-10 
PYREX GLASS with stopcock 





ラスコおよび決色時の染液の減少を防止する原流冷却il 泡沫染色装置H型(図3(a， b) ，表2および写真






なお.染色t~ ，こ相当するガラス筒外側にはウ ォータ ー フィルターさらには空気加熱ヒーターを有し，また左
ジャケ y 卜を設け，ウォーターポンプで規定温度の温水 省のフラスコからの送泡管と泡沫配合部との聞には
を循環させることにより染色槽部の温度の均一化と保海 側口面積の大きいボールパルプを設け送泡の一時停
をはかった。また本研究iこ使用した泡沫染色装置では， 止およひ泡沫の逆流の防止をはかつている。
泡沫t界中の排液現象による染めむら防止と同時に染色 2 )染色情 (写真4)においては， 1型と同械染色倦中
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Fig. 3(a) The prototype of th巴FoamDyeing Machine I. Numbers : see Table 2 
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27 
30 
口:glass w∞l jacke↑ 
Fig. 3(b) The prototype of the Foam Dyeing Machine 















で，~.染色後の泡j未を }JII熱式消泡袋irl~ で倣泡して液化し I
尚び元のバルク染j夜中へと術尽させる)"'(をJ -~{，iIìしている。
またバルク液貯術庁iフラスコを波数イ1・する泡沫染色装
i'l I引では.ウェ y ト・オン ・ウェ y ト加工が料払に行
える特徴を有し.図4に示すように2符の染料を用いた
( 5 ) 
Photo. 2 Foam Dyeing Machine U. 
E.51 f • ，[，' ~:-.;a 
E圃圃E・E・E・ 12 
Photo.3 ドoamingapparatus of Foam Dyeing Machine 
D. Numbcr : see Table 2 
配合染色 (I'attcrnB)およひofiね染め (I'alternC) 
や染色li後の処fllJuT CPaltcrn D. E)さらに将米
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1'able 2 Componcnt parts of Foam Dyeing Machine 1 
No. designation quantity material note 
system stand Iset IUCH1， 88-120 
2 flask for bulk liquid (C，R，L) 3 PYREX GLA88 volume 300ml 
3 air pump (C) lW AKJ， AP-4508， diaphragm type 
4 air pump (R，L) 2 lW AKI， AP-220ZN， diaphragm type 
5 air flow meter(C) KOJIMA， RK1200， Max.50ml/min 
6 air flow meter(R，L) 2 KOJTMA， RK1200， Max.30ml/min 
7 air heating tube(C，R，L) 3 88 φ40Xh250 
8 air hpatcr(C，R，L) 3 100V -120W ，cable type 
9 air blowing tube(C，R，し) 3 PYREX GLA88 with glass fliter(Gl)& 
ground-glass joint(T8 15/25) 
10 tube for thermocouple(C，R，L) 3 PYREX GLAS8 with ground joint (T8 15/25) 
1 liquid returning tube PYREX GLA88 with ground joint (T8 15/25) 
12 oil bath TOYO，OB-168 
13 foam mlxmg part PYREX GLA88 φ40 
14 foam transporting tube(R，L) 2 PYREX GLA88 φ20 
15 bal! va!veCR，L) 2 PVC A8AHI， AV CBV3/4" 
16 ball valve joint 4 8U8304 φ20 
17 dyeing sink (bottom part) PYREX GLA88 
18 bottom plate for dyeing sink 8U8 304 t1. 0，φ4. 6-P6. 9 600C 
19 dyeing sink PYREX GLA88 φ160 xh300 
20 center tube 8US 304 t1. 0，φ4. 6-P6. 9 600 ，φ60xh270 
21 inside wall 8U8304 t1. 0，φ4. 6-P6. 9 600 ，φ130 xh300 
22 frame for fixing substrate 8US 304 ゆ3rod，φ100x h250 
23 dyeing sink heater 100V-100W， cable type 
24 dyeing sink (upper part) PYREX GLA88 φ110 Xh110 
25 dyeing sink lid PYREX GLA88 
26 foam breaking tube (R，L) 2 PYREX GLA88 φ50Xh300 
27 inside foam breaking heater 2 8US 304 100V -1 OOW， scize type 
28 outside foam breaking heater 2 100V -300W， ribbon type 
29 rescrving part(R.L) 2 PYREX GLA88 with stopcock 
30 reflex condenser(R， L) 2 PYREX GLA88 with ground joint (T8 29/42) 
31 recording thermometer YOKOKAWA. ER-180 
32 slidetrans 6 TOKYO R1KOSHA， R8A-5 
33 slidetrans TOKYO RIK08HA， RSA-IO 
34 circuit breaker MAT8U8HITA， BJ2-20-2K 
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21 20 22 
Photo. 4 Dyeing sink of Foam Dyeing Machine U 












~料(， 1， Acid Blu巴 13 (2. 5% o. y.;， f. = 
0.1%) 
起泡剤:0 P E -15 (0.5%) 
助 斉IJ 酢般 (2，5%0， ¥， (=0.1%) 
【染色条件】
染色温度 800C 
染色時間 30 min 
( 7 )
Photo.5 Foam breaking apparatus of Foam Dyeing 
Machine 1. Numbers : see Table 2 
a 
Photo，6 Control unit of Foam Dyeing Machine Il 
Numbers : see Table 2 
空気流1:3 f . min 
c 試験布中の染料の定量
Shimaclzu Dual-¥¥'臥 elcngth/DoubJc-BeamSpc-
ctrophtometer U V -3000型を用い，まず使用染料の
傾大吸収波長と検 tlt*)~を求め.25% ピリジンノk総液によ
る抽出法 (90:t20C. 120min，液比 1 : 100)で，}l
'it 1 g当りの染者fIl:(mg • g ')を求めた。
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Pattern A (mono color dyeing) 





Pattern 8 (dual color dyeing) 
contents R: dye A. L : dye 8 
Stort _ー
トベ2)(3
Pa↑tern C (over coloring dyeing) 
contents R: dye A.し:dye B 
St口rt-.
2 
Pattern D (pre-treating dyeing) 
contents R: treating agent. L : dye 
Staは_ _ _ End 
2 
Pattern E (after trea↑ing dyeing) 
con↑ents R: trea↑ing agent.し:dye 
Stort __ __ __ _ End 
3 
Pattern F (color modlflng dyeing) 




①: foaming in C 
②: foαning in R 
③: foaming inし
④: droining 01 C 
C : cen↑er flask 
R : right flask 
し:left flosk 
Fig.4 Basic dyeing patterns for the Foam Dyeing 
Machine n. 
d.泡沫染色装置 I型の染色槽内部に設置した中筒


























。 10 20 30 40 
openfngσreσI " 
Fig.6 Effect of opening area and diameter of hole in 













m . 開孔率10~話 ，孔の分布は中筒を上下 4 部位I[区分し
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A B C D 
verflcal poslfion 
cen↑er tube used 。:not used 
.:骨6.5mm，10%，1:1:1:1
⑥:骨6.5mm，10%， 1 :2:3:4 
③:骨6.5mm，10%， 1: 1 :3:5 
Fig.7 Effect of distribution of opening area on the 








1I'って試料とした。なお m クー レゾールに溶解後，ア
ルコール性塩般による滴定により求めた試験布の末端ア
ミノ基fil立、5.53x 10 'e q・g ，である。
染料としては， 図8に示すジスアゾ系の酸性染料C.
r. Acid Red 134およびアントラキ/ン系の駿性染料




cm'. min-'. 4.79XIO 'cm'・min'である'。
また泡j末染色に用いる起泡剤としては，n~の場合 と











C. 1. Acld Green 25 
Fig.8 Dy巴usedin the Foam Dyeing Method. 
【パノレク染液組成】
染料 C. 1. Acicl Hed 13~ 
C. r. .'¥cicl Grcen 25 (1. 5X10 'mol 
. R.') 
起泡斉1].OPE-15 (0.5xIO 'mol ・e) 









s. P. m)を用い U2バルク染液と同一組成の染色液で
染色を行った。
c 配合染色試験布中の染料の定量
Shmadzu Dual-¥'av口Icngthl)ou b Ic-s日且m Spec-
trophotomcter UV -3000型を用い，まずダブルビ ーム
モー ドで2縄の使用染料の吸光度曲線をそれぞれ求め i
一二波長測定に用いる特定波長 0"A，)を決定 し，一
波長固定一波長走資スペク トル測定により A，可^ ，を検
定後，検沿線を求めた '0，。 自己合染色を行った試験布か
ら25%ピリジン水溶液による他出法 (90土 2"C， .120 
mln，液比 1 • 300)で検体液をiq先に求めた検沿
線から)j1;質 Ig、行りの染者批 (mg'g ')を求めた。
なお，今凶行った配合染色実験実験に用いた染料の組
合わせでは， 図9に示した使用染料の吸光度曲線よりc.
1. 八cidRed 134濃度測定時の特定波長}， ， は546nm




















(a - f)のように調殺して用いた。なお染着畳は， 1 
o 450 500 550 600 650 700 J刊と同線~ i~1位に区分 して求めた。
wavelength I nm 
dye concentrotlon I 10-' mol・l-'
C. 1.Acld Red 134: 1.25 
C. 1.Acid Green 25: 5.0 












10" 10" 10" 
(2) (2) (2) 
110" 5" 
(2) (1) 
D JXfi 10%?~LLJ5" 5" (2) ( 1)I I I (1) (1) 
d e f 
仁コ:closed section with silcone rubber sheet 













































































A B C D 
vert/col position 
。D C B A 。D C B A 。
vertlcal posltlon 
condition of fabLic 
o : standard condition 
• : 100% moisted 
vertical position 
dye con↑ents 
upper Lines: 1.5xl0-~ mol・t・-
lower lines : 7.5x10-、
Effect of kinds of center tube and inner wall on dyeability of acid dye for nylon 6 fabric at each vertical 
position. a-f : see Fig. 10 
Fig. I1 
一般に円筒巾を上昇する泡沫の釧液製象は.

























Tablc 3 Inclinations in the simplc regrcssion analysis of the dye concentrations at the each vertical 
position of thc nylon 6 fabric obtaincd by foam dyeing mcthod with various center tubcs and inner 
wall (a-f) in the dyeing sink. 
C. 1. Acid Fted 134 
7.5XI0・mol'l I 1. 5x 10 3 mol . I→ 
in bulk content 
condition 




c 2.71 (0.99) 2.22(0.99) 
d 1. 64 (0.85) 2. 18(0.98) 1. 40(0. 99) 
e 0.79(0.98) 0.83(0.92) 0.68(0.84) 0.69(0.77) 
0.31 (0. 49) 一0.41(0.56) 0.98(0.95) -0.69(0.80) 
a-f:sce Fig.l0.C)correlation coefficint 





b目泡沫染色装置E型における空気流量がナイ ロン6 に毎分52の空気流i止では試験布のトー 下部位の染-uIi1に
試験布の染色性に及ぼす影響 J宇:が認めれるが これは極織に上昇法度の小さい泡沫の





































() : 15 l・min-'
⑨: 20 l・min-'
o A 8 C 0 
verflcal poslflon o 5 10 15 20 
alr flow rafe / l・mlnベ
Fig.13 Effe氾tof air flow rate on dyeability of acid 
dye for nylon 6 fabric at each vertic温1posト
110n. 
Fig. 12 Effect of air flow rate on dyeability of acid 










を大きく;..:，(~，するが空気流-Gl毎分 1 5-2011 が本装位の










o 2.0 4.0 6.0 7.5 










o 2.0 4.0 6.0 7.5 







134濃度を7.5x10'mol ・R 'と一定としC.1. Acid 
Grccn 25添加濃度を憎すと図14(a)に示すようにC.











o 2.0 4.0 6.0 7.5 
C. 1.Acid Red 134 1 10-4 mol.l-I 














o 2.0 4.0 6.0 7.5 
C. 1.Acid Red 134 1 10.. mol.l-I 
method 
(0) foom dyeing 
(b) foom dyeing 
(c) dip dyeing 
Ld)~_ dip dyeing 







Fig.14 Dyeabi1ity of each dyc in thc mixing Foam Dyeing l'v1f'thod 
( 13) 
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増大し逆にC.1. Acid Hed 134の染者罰はごくわずか
ではあるが低下する傾向が認められる。またC.1. Acid 
Green 25濃度を7，5xIO'mol' R. 1と一定としC，L 
Acid Red 134添加溌度を増加すると図14(b)に示す










れる相容性指数 (compatibilityindex) " 1が提唱さ
れておりこの値の類似する染料開の相容性はょいとされ
ている。
C 1 = D ' exp (-4 ，/ / R T) ( 2 ) 
Cl 相容性指数 D: !広散係数
μ。 標準化学ポテンシャル
R: 気体定数. T 絶対温度
本実験で用いた 2種の染料では，相容性指数に影響する
鉱散係数がかなり異なり， また染着留からみるとC，1. 
Acid G reen 25の標準化学ポテンゾヤルのほうが大き
いが，当白単位に換算した染者むの合J十が般大で5.91
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In recent years， the rationalization of each progress of the dyeing work has been firmly r巴quired in the ways of the 
serving energy， resources， or water， the prevention of the natural cnvironment， and so forth. The use of foam is specialy 
noteworthy because of its adaptability to saving of water or energy. 
Then， w巴 havedeveloped the Foam Dy巴ingMachine in expectation of the trend toward the smal lot production 
to satisfy various needs of consumers， aiming at the saving water or energy in dyeing process， the reduction of contamina-
tion of natura1 environm巴ntby the waste fIuid， the prevention of injuring or enfecbling dyeing substrates， and thc eleva-
tion of co10r fastness. The Foarn Dyeing Method is different from conventional batch dyeing methods in respect of 
using foams having blow ratio of 200 to 300 region. Consequently， the physica1 function that damages dy巴ingsu bstra te 
is reduced， and superiorly lower bath ratio realize， further the energy needed in heating up is diminished 
百四 FoarnDyeing Machine used in this study consists of five main parts， namely a fIask for reserving the bulk liquid， 
a glas tubing with water jacket as dyeing sink， a hωting foarn breaker， a flask for reserving the residual liquid， and 
a reflux condenser. The reserving fIasks for the bulk liquid and for the residual liquid are connected by a thin tubing 
in order to circulate the dyeing liquid. And it also has a air pump for blowing air through the bulk liquid， a air flow 
meter with controlling needle valve， a glass ball filter for dispersing air， an oil bath for heating and maintenance of a 
constant temperature of the bulk liquid， and a recording thermometer with thermocouples 
百leFoam Dyeing Machine U is an improvement over that of 1. It includes three reserving fIasks for the bulk Iiquid 
that consists of different compositions. And every fIask has an independent air pump，air heater，and f10w rneter. Farther 
the ball valves are provided between each flask and the foam independently formed in the flasks can be run or shut oul. 
The Foarn Dyeing Method fundamentally differs from conventional batch dyeing methods in starting condition so 
that the dyeing substrate and the bulk liquid， containing dye， foaming agent and auxiliaries， are set apart each other 
Dyeing operation in the Foarn Dyeing Method is carried out as follows. ドorthe start， the bulk liquid is heated up to a 
desired temperature and aiT is blown into the bu1k liquid through the gJass ball filter and dispersed entirely. The 
foam， containing dye in its foarn fi1m， isformed continuous1y and rise into the glass tubing as dyeing sink. Dyeing 
substrate initially wetted and dye mo1ecules transported by the foam is adsorbed on the substrate-liquid interface that 
involves the internal surface of the substrate， and it is uniformly diffused into the substrate under the given dyeing 
condition. The foam over flows from the dyeing sink is led to the heating foam breaker and defoamed. The residual 
dyeing liquid returns to the f1ask of the bulk Iiquid through the thin glass tubing I'or circu1ation. 
In the fundamenta1 experiments using the Foam Dyeing Machines， we obtained following results. 
1) Thc center tube and/or inner wall are set in the dyeing sink 01' the machines to prevent uneven dyeing be caused 
by the foam drainagc. The distribu tion of the opening area of them must be exponentially increased at the upper part. 
( 15) 
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2) The air flow rate intensely effects on the dyeability in connection with the foam volume and the foam rising 
rate. For the Foam Dyeing Machine U， the air flow rate in the region of 15 to 20 liter par minute produce the good 
dyeability and the uniformity. 
3) The compatibility indexes (CI) of the used two dyes may be relatively different. But they didn't particularly 
indicate the incompatibility. Because the total amount of the dyes on the nylon 6 fabric， dyed under present conditions， 
not so much exceed the number of the amino end groups of the nylon 6 fabric. 
(16) 
